Background: Kidney dimensions, including volume, of a patient is a valuable diagnostic parameter in nephrology and urologic practice and vary with age, gender, body mass index, pregnancy and co-morbid conditions. Congenital and some important morbid conditions affect renal dimensions and some of these pathologic conditions have close relationship with BMI. Aim and Objectives: To determine the normal ultrasound volume in healthy adults and to correlate it with the Body Mass Index (BMI). Materials and Methods: This was a descriptive cross-sectional study in which kidney dimensions were acquired and from which the volumes were determined using the ellipsoid formula. The anthropometric variables of the patients were documented, and the BMI calculated. Variations of the renal volume with sex and age, and the relationship of the renal volumes with BMI were determined. Results: A total number of 400 adult subjects were recruited for the study, with a M:F ratio of 3:1. The mean age was 39±13.2 years. The mean BMI was 22.95±3.20kg/m 2 . The mean renal volumes were 140.0±30.5cm 3 and 149.5±34.6cm 3 on the right and left sides respectively. There was a positive correlation between the BMI and right renal volume (p<0.01; r= 0.188) and BMI with left renal volume (p<0.01; r= 0.218). There was also positive correlation between the right and left renal volumes and age (P<0.01) and gender (P<0.01; P<0.05). Conclusion: Positive correlations were noted between the renal volumes and body mass index, age, sex and sides.
Introduction
Renal size and function reflect the health of the kidney and changes in renal size may occur as a consequence of aging or diseases such as congenital anomalies, urinary tract diseases, systemic diseases, micro and macrovasular diseases and neoplasia. 1, 2 Since the renal size is affected by various factors, it is necessary to first establish the normal values. For determining the renal size, the length, width and cortical thickness are to be measured. However, the most useful measurement of renal size is the total renal volume, which is correlated with body mass index (BMI). 3 Ultrasound scan (US), computed tomography (CT) and magnetic resonance imaging (MRI)
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This work is licensed under a Creative Commons Attribution 4.0 International License are the imaging modalities that evaluate the anatomical structure of the kidneys, while intravenous urography (IVU) and nuclear medicine are used primarily for physiology of the kidney. 4 CT scan, MRI, IVU and nuclear medicine have their limitations which include either non-availability or affordability by our patients and the use of ionizing radiations or nephrotoxic contrast agents. As such they are not routinely employed for the assessment of renal size. Ultrasound scan on the other hand, is a safe, easily available, inexpensive, fast, non-invasive and radiation-free imaging modality that made it become an indispensable modality over the other modalities. 5 Among the various studies carried out in Nigeria only few correlated renal size with BMI. Therefore, the aim of this study was to determine the renal volume and to correlate it with BMI using ultrasound scan among healthy adults in Kano, Nigeria. [6] [7] [8] [9] [10] 
Materials and methods
The study was a descriptive, cross-sectional type carried out in the department of Radiology, Aminu Kano Teaching Hospital (AKTH), Kano, Nigeria with the study population randomly recruited from General outpatient department (GOPD) and Medical outpatient clinics in AKTH and other referral hospitals. Only subjects that do not have symptoms and signs or laboratory diagnosis of kidney disease that could interfere with the outcome of the renal ultrasound scan were included in the study. Approval to carry out the study was sought and obtained from the ethics and research committee of the AKTH. Informed verbal and written consents were also obtained from the subjects before they were recruited into the study.
The Sample size of 400 subjects was determined using Fisher's statistical formula (n=Z 2 pq/d 2 ). The height and weight of the subjects were measured and recorded using Stadiometer ZT-120 Metlar, (China) which is a weighing scale equipped with height measuring capability.
Ultrasound scanning was done in supine and prone positions after the application of adequate amount of water-soluble coupling gel and the general architecture of the kidneys noted to exclude any form of kidney disorder. Subjects were scanned using twodimensional Mindray Digiprince DP8500 (Shenton, China) ultrasound machine with 3.5 -5.0MHz curvilinear transducer equipped with electronic callipers. The kidney was located and the transducer rotated slightly to determine the longest renal axis. The renal length was measured as the maximum bipolar dimension in longitudinal plane which showed central sinus echoes the best with the renal parenchyma evenly distributed all around the central sinus ( Figure 1 ). In the same plane, renal thickness or depth was also measured as the distance between ventral and dorsal surfaces of the kidney (antero-posterior diameter). (Figures 1  & 2) . The transducer was then rotated 90 degrees to the longitudinal axis and the transverse section is obtained at the level of the renal hilum ( Figure 2 
Data Analysis
The data collected was analysed using Statistical Package for Social Sciences (SPSS) version-20 (SPSS Inc. IL, USA). The mean heights and weights of the subjects were calculated from which the mean BMIs of these subjects were also calculated using the formula; Weight (kg)/Height 2 (m 2 ). The mean renal dimensions and volumes of the kidneys for the subjects were calculated. These mean dimensions including volumes were correlated to gender, age and sides. The relationships of the kidney dimensions and volumes with the BMI in males and females were examined using regression and correlation coefficients. Comparative analyses were carried out by means of a Pearson's correlation coefficient and ANOVA tests. P-values <0.01 and <0.05 were regarded as statistically significant.
Results
Of the 400 apparently healthy subjects included in the study, 303 (75.8%) were males and 97 (24.2%) were females (M: F= 3:1). The minimum age was 18 years and the maximum age was 65 years ( Table 1 ). The modal age group was 34-41 (Table 1) . 
Discussion
Normal renal measurements are important factors in studying renal function and its disorders and it is also important in making a primary diagnosis as well as during the subsequent follow-up of patients with renal diseases, in order to monitor the progress of the disease. 5 Of all the imaging modalities, ultrasound scan has been considered and preferred as an imaging modality of choice in most clinical studies for being non-invasive, safe, reliable, cost effective and readily available. 11 It is one of the most common imaging methods used in the demonstration of normal anatomy of the internal abdominal organs and reliable in visualizing pathological changes in abdominal organs including the kidneys. 12 Many congenital and acquired diseases directly or indirectly affect renal dimensions in all age groups. There may be an increased or decreased renal size, which may or may not be accompanied by changes in the normal organ structure. 13 Standard parameters used in routine ultrasound renal examinations are longitudinal renal length, renal width and renal parenchymal thickness in mm or cm. Additional measurements acquired using these three parameters include renal volume, based upon its correlation with subject's height, weight, BMI, age etc. Even the most precise assessment of abnormalities in renal size would require measurement of renal volume or even parenchymal volume in relation to sex, weight, or total body area, but such calculations are not clinically practical. 14 In this study mean renal volumes, calculated from renal length and width, were 140.0±30.5cm3 and 149.8±34.6cm3 on the right and left sides respectively (range; 64.2 to 218.3cm3 on the left and 59.5 to 206.6cm3 on the right sides respectively and the length was 9.3 to 12.0cm on the left and 9.0 to 11.2cm on the right respectively). These were correlated with the patient's BMI, weight and height and also with the genders and the sides. A significant positive correlation (p<0.01) was found with the BMIs and weights and between the right and left renal volumes of the subjects in this study. One of the very important and easily reproducible parameters, which also acts as an indicator of renal function, is renal volume that shows variations with age, gender, ethnic backgrounds, height, weight and BMI. 11
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Renal volume correlated significantly with BSA and BMI, but decreased with age. 22 The present study concurred with that as is shown that the calculated renal volumes correlated significantly with the BMIs of the subjects. The minimal size of a fully functional adult healthy kidney has been quoted to be 9cm in length. 23 This is similar to the current study in which 9.0cm and 9.3cm were found as the mean renal length on the right and left sides respectively. In this study, measurements of renal volume were performed to find normal values for our population to help standardize criteria to be used in clinical assessment of certain disease processes largely relying on renal dimensions especially volume and thus to reduce any missed or over-diagnosis of a disease in practice. Renal volume shows variations with age, gender, height, weight and BMI. 11 The first major objective was to show that BMI had direct relationship with renal volume, as proved in few of previous comparable studies. 14, 15 In a study by Emamian et al 14 it was shown that the length and renal volume in subjects aged between 30 to 50 years showed slight differences and a clear decrease in both parameters. An increase in the renal volumes is noted in the middle ages and with a gradual decrease of these in the older ages likely from the same reason above. Increase in the renal volumes with increase in the subject's age was noted in this study and this is observed to be stronger in the middle ages. In this context, the changes in renal structure and shape that take place in human beings with age, decreased renal mass and renal weight and size, are well known. 24 Rasmussen et al. 25 has reported the total renal volume to be the most accurate when correlated with the body weight. This is also observed in this study where the renal volume in both kidneys is seen to significantly and positively correlate with the subject's body weights and their BMIs. In normal subjects, the smallest kidney's volume should not be less than 37% of the total renal volume 25 . There appears to be an exponential increase in renal volumes and significant positive correlation between the right and left renal volumes in males and females that constitutes the study population in this study as opposed to the above assertion. This could be attributed to the genetic and environmental influences in the present study environment. The significant correlation between renal volume and body weight and between renal volume and BMI was established in this study. A probable explanation is based on Brenner's principle of right renal dosing which states that larger body size requires a larger nephron dose to meet its metabolic demands. 16, 17 Correlation was also noted between renal volume with height, gender and the side. Renal volume showed a significant decrease with age which probably was totally due to reduction in parenchymal volume. 3, 14 Similar trend was observed in this study.
In studies by Emamian et al. 14 11 The renal length and renal volume have been found to show a good correlation with BMI. 3 This was shown in this study as well where the renal weight and volume showed a stronger correlation with BMI than with renal length. In this study it was observed that the values for renal volume of male subjects were higher than those of female subjects in all ages studied. This could be due to the higher body weights of the males compared to the females. This study also showed that the left kidney is larger in volume than the right kidney in both genders within the age ranges studied agreeing with previous studies of Carrasco et al 18 , Fernandes et al 19 and Mazzotta et al. 20 A theory postulated for this is that the left renal artery is shorter in length and straighter, which increases blood flow to the left kidney, with the corresponding increase in volume of the left kidney. 14, 21 Also, it could be due to the fact that the liver is bigger than the spleen, which means that the right kidney has less space to grow. 14 The significant positive correlation found in this study, between BMI and weight of individuals and the kidney volumes suggest that the growth of each individual is usually associated with increase in the kidney size.
In conclusion, positive correlations were noted between the determined renal volumes with body mass index, age, sex and sides, with which one can possibly predict changes in renal volume when there is variation in the anthropometric characteristics of the individuals.
